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1
LASER BEAM GENERATOR

BACKGROUND OF THE INVENTION

This invention relates to an apparatus for generating a
laser beam having a high transmission efficiency.

A wave guide tube for transmitting a laser beam is known.
The laser beam passes through the wave guide tube while
being reflected by an inner peripheral surface of the wave
guide tube. It is advantageous that the wave guide tube has
a circular shape 1n section. The reasons are that a sectionally
circular wave guide tube can be bent freely in any direction
and that bending resistances of the wave guide tube are
constant in all directions.

In order to enhance the transmission efficiency at the time
when the laser beam passes through the sectionally circular
wave guide tube, a tangentially polarized laser beam (laser
beam of TE,;; mode) 1s most preferable. Applied Physics
Letters Voi. 38(10) 1981 carries an article titled “Low-order
TEy, operation of a CO, laser for transmission through
circular metallic waveguides”, In this article, there is dis-
closed a CO, laser beam generator made for the purpose of
generating a laser beam of TE,, mode. This laser beam
generator comprnses a discharge tube containing a CO, gas.
A first mirror and a convex lens are disposed at opposite
ends of this discharge tube. A straight metal tube and a
second mirror are disposed axially of this discharge tube.
Reflecting surfaces of the first and second mirrors are held
opposite to each other. The above convex lens and metal
tube are disposed between the first and second mirrors. A
laser beam reflected by the first mirror in paraliel relation to
an optical axis of this laser beam is made incident to and
condensed by the convex lens, and then supplied to one end
portion of the metal tube. The laser beam thus supplied to the
metal tube passes therethrough while being reflected by an
inner peripheral surface of this metal tube, and is then
emitted from the other end of the metal tube. This laser beam
15 reflected by the second mirror so as to enter again into the
other end of the metal tube. The laser beam thus entered into
the metal tube passes therethrough while being reflected by
the mner peripheral surface of this metal tube as in the
manner above mentioned, and then proceeds from the above
mentioned one end toward the convex lens while being
diverged. This laser beam is made parallel to the above
optical axis by the convex lens and caused to proceed toward
the first murror so as to be reflected by this first mirror.
During such reciprocating process of the laser beam between
the first and second mirrors, the laser beam is amplified, and
polanized into TE,, mode by the metal tube. One of the first

and second mirrors is of a semitransparent type. The above °

amplified laser beam is allowed to transmit through this
semitransparent mirror and outputted.

Although the first mirror has a concave reflecting surface,
this 1s only for the purpose of correcting the divergence of
the laser beam so as to hold it in parallel relation to the
optical axi1s, and the concave reflecting surface does not have
the function for tangentially polarizing the laser beam. Since
the radius of curvature of the reflecting surface of the first
mirror is approximately 5 m whereas the diameter of the
discharge tube 1s approximately 11 mm, this reflecting
surface can be regarded as a generally planar surface.

In the above laser beam generator, since the metal tube for
making a laser beam into TE,, mode is required to be
disposed hnearly of and away from the discharge tube, the
overall length of the laser beam generator is obliged to
become long. Moreover, when the generated laser beam is
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2

transmitted through the sectionally circular wave guide tube,
the transmission efficiency 1is hlgh if the wave guide tube is
straight, but the transmission efficiency is significantly low-

ered 1f the wave guide tube 1s bent at a small radius of
curvature.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a laser beam generator, in which a laser beam having a high
transmission efficiency can be supplied to a sectionally

circular wave guide tube without increasing the apparatus in
size.

According to the present invention, there is provided a
laser beam generator, comprising:

(a) a first and a second mirrors disposed on an optical axis
and away from each other, the first and second mirrors
respectively having reflecting surfaces opposite to each
other, an optical path for a laser beam to reciprocate
being formed between the first and second mirrors, the
reflecting surface of at least one mirror of the first and
second mirrors being constituted by a conical surface
having a vertex angle of 90 degrees, this conical surface
being 1n alignment at a vertex thereof with the optical
axis and diverged toward the other mirror opposite to
the one mirror from the vertex at an angle of 45 degrees
with respect to the optical axis;

(b) emission means for emitting a laser beam from the
optical path between the first and second mirrors;

(c) a laser medium disposed between the first and second
marrors; and

(d) pumping means for pumping the laser medinm.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view schematically showing a laser
beam generator of the present invention;

FIG. 2 1s a graph showing a laser beam transmission
efiiciency with respect to a wave guide tube curvature;

FIG. 3 1s a sectional view showing a laser beam in a
polarized condition; and

FIGS. 4 and 5 are sectional views schematically showing

modified laser beam generators of the present invention,
respectively.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

'The present invention will be described hereinafter with
reference to the drawings.

As shown 1n FIG. 1, A laser beam generator is a CO,, laser
beam generator and comprises a discharge tube 10. This
discharge tube 10 has opposite end portions 11 and 12 of a
large diameter. A gas inlet port 11a and a gas outlet port 12a
are formed 1n penipheral walls of the opposite end portions
11 and 12, respectively. Gas chiefly composed of a CO, gas
1S supplied 1nto the discharge tube 10 through the inlet port
11a, and discharged from the outlet port 12a.

A pair of discharge electrodes 21 and 22 for pumping the

above gas are disposed respectively in the opposite ends 11
and 12 of the discharge tube 10.

Furthermore, mirrors 31 and 32 are disposed respectively
at the opposite ends 11 and 12 of the discharge tube 10. The
marrors 31 and 32 respectively have reflecting surfaces 31a
and 32a faced with each other. One mirror 31 is made of
material capable of reflecting an infrared radiation, such as
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aluminum, copper, stainless steel, or the like. The reflecting
surface 31a of this mirror 31 is formed into a conical surface
having a vertex angle of 90 degrees and mirror finished. This
conical surface is diverged toward the other mirror 32 at an
angle of 45 degrees with respect to a center axis of the
discharge tube 10, namely, an optical axis A, with the vertex
of this conical surface located on the optical axis A. The
other mirror 32 is made of material capable transmitting an
infrared radiation, such as ZnSe, and has a flat plate shape.
The reflecting surface 32a of this mirror 32 is perpendicular
to the above optical axis. This reflecting surface 32a is
coated with a metal material capable of reflecting an infrared
radiation in such a manner as that this mirror 32 permits a
part of the laser beam to transmit. The reflective index of the
mirror 32 is about 50 to 90% with respect to the laser beam.

One end of a metal wave guide tube 40 1s disposed on the
optical axis A in such a manner as to be away from the mirror
32. Furthermore, a convex lens 50 is disposed on the optical
axis A between the mirror 32 and the one end of the wave
guide tube 40. A material of the wave guide tube 40 is
preferably the same to that of the above mirror 31.

With the above construction, the laser beam 1n the infrared
area generated within the discharge tube 10 is further
amplified by a stimulated emission while the laser beam
reciprocates within and between the mirrors 31 and 32.
Furthermore, this laser beam 1s tangentially polarized with
respect to the optical axis A as shown in FIG. 3 each time it
is reflected by the reflecting surface 31a of the mirror 31
having the conical surface. Since the reflecting surface 31a
1s inclined 45 degrees with respect to the optical axis A, the
laser beam is reflected twice by the reflecting surface 31a
and proceeded toward the mirror 32 in such a manner as to
be 1n parallel relation to the optical axis A.

The laser beam thus amplified 1s caused to transmit the
mirror 32, focused by the convex lens 50, and then supplied
to the one end of the wave guide tube 40. Since the laser
beam is sufficiently tangentially polarized, as shown by the
solid line of FIG. 2, a high transmission efficiency is
maintained even in the event the wave guide tube 40 1s bent
at a large curvature, 1.e., at a small radius of curvature. As a
comparison example, the transmission efficiency of the laser
beam obtained by the apparatus described in the above
article 1s shown by the broken lines in FIG. 2.

In the above laser beam generator, since the conical
refiecting surface 31a of the mirror 31 disposed at one end
portion of the discharge tube 10 is used as means for
obtaining the tangentially polarized laser beam, the metal
tube of the above mentioned conventional apparatus can be

climinated, and therefore, the apparatus can be made com-
pact in size.

Another embodiment of the present invention will now be
described. Corresponding members to those of the preceding
embodiment are denoted by identical reference numerals
and description thereof 1s omitted. In the embodiment shown
in FIG. 4, two opposing mirrors 31 and 132 respectively
have reflecting surfaces 31a and 132a of conical surfaces.
The mirror 132 is of a semitransparent type the same as the
mirror 32 of the embodiment of FIG. 1. A projection 132
having a conical surface 135a 1s formed at that side of the
mirror 32 opposite to the reflecting surface 132a. This
conical surface 135a has an identical configuration to that of
the reflecting surface 132a, and is inclined 435 degrees with
respect to an optical axis A with the vertex of the conical
surface 135a located on the optical axis A. The laser beam
is refracted by the reflecting surface 132a to pass through the
mirror 132, refracted again by the conical surface 1354 so as
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to brought back to a beam of light parallel to the optical axis
A, and then made incident to a convex lens 50. In this
embodiment, since the two mirrors 31 and 132 respectively
have the reflecting surfaces 31a and 132a of conical sur-
faces, the laser beam can be more efficiently tangentially
polanized. -

In a further embodiment shown in FIG. §, a transparent
plate 200 for transmitting an infrared radiation, made of
ZnSe is mounted at one end portion 12 of a discharge tube
10. on an optical axis A. Besides the discharge tube 10, a
mirror 232 is disposed on the optical axis A in such a manner
as to be away from and faced with this transparent plate 200.
This mirror 232 is made of the same material as the mirror
31 and has the same shape as a mirror 31. A reflecting
surface 232a of the mirror 232 is faced with a reflecting
surface 31a of the mirror 31. Furthermore, a semitransparent
type mirror 240 is disposed on the optical axis A. This mirror
240 1s made of ZnSe into a flat plate shape, and one surface
of the mirror 240 is coated with a reflecting material in such
a manner as that the transmission factor of this mirror 240
i1s 30 to 95%. Also in this embodiment, since the reflecting
surfaces 31la and 232a of the two mirrors 31 and 232
respectively have conical surfaces, the laser beam can be
efficiently tangentially polarized. The amplified laser beam
i1s reflected by the mirror 240 so as to proceed in two
directions perpendicular to the optical axis A and opposite to
each other, and then condensed respectively by convex

lenses 50 so as to be supplied to one end of a wave guide
tube 40).

The present invention is not limited to the above embodi-
ments, but various changes and modifications can be made
without departing from the spirit and scope of the invention.
For example, this invention is likewise applicable to laser
other than CO,, laser.

Furthermore, although the laser beam according to the
present invention is suitable to be transmitted through a
wave guide tube whose inner peripheral surface is made of
metal, it may be transmitted through a wave guide tube of a
metal tube whose inner peripheral surface is provided with
a dielectric such as germanium.

What 1s claimed 1is:

1. A laser beam generator, comprising:

(a) a first mirror and a second mirror disposed on an
optical axis and away from each other, said first and
second mirrors respectively having reflecting surfaces
opposite to each other, an optical path for a laser beam
to reciprocate being formed between said first and
second mirrors, the reflecting surface of at least one
mirror of said first and second mirrors being constituted
by a conical surface having a vertex angle of 90
degrees, this conical surface being in alignment at a
vertex thereof with said optical axis and diverged
toward the other mirror opposite to said one mirror
from said vertex at an angle of 45 degrees with respect
to said optical axis, said first and second mirrors
provide the laser beam to be highly tangentially polar-
ized with respect to the optical axis and said second
mirror permitting a part of the laser beam from said
optical path to transmut;

(b) a laser medium disposed between said first and second

IMIITOrS;

(c) pumping means for pumping said laser medium;

(d) a convex lens for condensing the laser beam trans-
mitted through and emitted from said second mirror,

said convex lens being disposed on said optical axis in
such a manner that said second mirror 1s disposed
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between said first mirror and said convex lens; and

(e) a metal wave guide tube having a circular shape in
section, one end of said wave guide tube being disposed
on said optical axis in such a manner that said convex
lens 1s disposed between said second mirror and said
one end of said wave guide tube, thereby one end of
said wave guide tube receives the laser beam con-
densed by said convex lens, an inner peripheral surface
of said wave guide tube being provided as a reflecting
surface for efficiently transmitting the tangentially
polarized laser beam.

2. A laser beam generator according to claim 1, wherein

the refiecting surface of said first mirror is constituted by
said conical surface, and said second mirror has a flat plate
shape, the reflecting surface of said second mirror being
perpendicular to said optical axis.

3. A laser beam generator according to claim 1, wherein
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the refiecting surfaces of said first and second mirrors are
constituted respectively by said conical surfaces, said sec-
ond mirror being provided at that side thereof opposite to
said reflecting surface thereof with a projection having a

second conical surface, said second conical surface being
disposed at an angle of 45 degrees with respect to said
optical axis with a vertex of said second conical surface held
in alignment with said optical axis.

4. A laser beam generator according to claim 1, in which
sald laser medium chiefly contains CO, gas, and said
pumping means is discharge means, a tube being disposed
coaxial with said optical axis, said CO, being filled in this
tube, said discharge means being disposed in said tube, said
first and second mirrors being disposed at opposite end
portions of said tube.
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